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BaO-CuO flux provides a high growth rate more than 10 μm/min. for RE123 growth. It was applied to the formation 
of RE123 films on various substrates even on textured metal substrates [1,2]. Crystalline defects and magnetic flux 
pinning centers in these films could be modified depending on the substrate used. The problem was that the process 
temperature was approximately 900°C, which was too high to produce a conductor with metal substrate.  
Recently, new flux, molten KOH, was reported to be a growth flux for YBa2Cu4O8 (Y124) phase [3]. The growth 
temperature was below 700°C, sufficiently low enough to use various substrate materials. Furthermore, it can grow 
Y123 phase at a low oxygen partial pressure [4]. In order to investigate processing potential of the KOH flux method 
for fabrication of RE123 and RE124 superconductors as a liquid phase growth process, this paper presents 
conditions growing Y123 and Y124 phases, morphology of obtained crystals and possibility of epitaxial growth on 
single crystalline substrates.  
2. Experimental procedure 
Starting materials of the solute used for the growth of RE123 and RE124 were RE2O3, BaCO3 and CuO with the 
composition of the targeting phases. These materials were put in an aluminum crucible with the same weight of 
KOH of solvent and heated up to an adequate temperature in the ambient or regulated oxygen atmospheres. The 
crucible was kept at the temperature for about 10 hours for obtaining crystalline power. After being cooled down to 
room temperature, the synthesized crystalline powder was washed using water and ethanol. For growing these 
crystals on substrates, NdGaO3 (NGO) single crystalline plates was settled in or dipped into the solution during the 
growth process. 
3. Y123/Y124 phase boundary in temperature-pressure diagram 
Equilibrium stable region of Y123 and Y124 phases are different in the diagram of temperature and partial 
pressure of oxygen (PO2) [5,6]. This means that it is quite reasonable that synthesis of Y123 and Y124 phases from 
KOH method can be controlled by controlling temperature and PO2. Therefore, obtained phases using KOH flux 
under different oxygen partial pressures and temperatures were determined by x-ray diffraction (XRD).  
The growth experiment was performed in oxygen flow (PO2=1 atm), the ambient atmosphere (PO2=0.2 atm) and 
nitrogen flow (PO2=10-5 atom), whose oxygen pressure was measured by an oxygen analyzer. Composition of the 
metal elements in the starting materials was settled to be that of Y124 phase. Superconducting phases detected by 
XRD was summarized in a p-T diagram shown in Fig.1. Solid circle, open circle and square symbol denote Y123 
Y124 and Y2BaCuO5 (Y211) phases, respectively. Cross symbol denotes no superconductor related phases or 
unreacted raw materials. At PO2 below 10-5 atm, only Y123 phase was synthesized between 500 and 750°C. At high 
PO2 and low temperature region Y124 phase was synthesized and clear phase boundary between Y123 and Y124 
was observed. The border between Y123 and Y124 sifted toward high temperature as PO2 increased.  
 
Fig. 1 p-T diagram showing generation region of superconducting phases in KOH system. 
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Fig. 3 XRD patterns of Y124 (upper) and Y123 (lower) grown on NGO substrate from molten KOH flux. 
TSSG method is one of the simplest ways to detect the condition of the solution, which controls the quality of 
grown films to be applicable to various superconducting devices. Therefore, we tried it by dipping a substrate into 
the solution. Depending on temperature and atmosphere, we confirmed change of solution state, however, LPE film 
formation has not been achieved by TSSG method yet. This is probably due to inadequate composition of the system 
and temperature gradient.  
7. Conclusion 
According to the shape of grains grown by KOH flux method, it is confirmed that not only RE124 but also 
RE123 are grown from liquid phase. The growth conditions of the KOH growth were distinctly different for these 
two phases. Y124 was stable in a high PO2-low temperature region and Y123 was vice versa. Rare-earth substitution 
for Y in Y123 crystal was also easy by using KOH flux method. C-axis oriented LPE growth of Y123 and 124 films 
on single crystalline NdGaO3 (100) was achieved. 
References 
[1] Yamada Y, Suga T, Kurosaki H, Kim SB, Maeda T, Yamada Y, Hirabayashi I, Yamazaki M, Yoshino H, Watanabe T. Low temperature 
formation of YBCO coated conductors on textured metal tapes by liquid phase epitaxy. Physica C 2002;372-376:828-830 
[2] Yamada Y, Suga T, Kurosaki H, Kim SB, Maeda T, Yamada Y, Hirabayashi I, Kakimoto K, Iijima Y, Saitoh T. YBa2Cu3O7-d deposition on 
Ni-Cr alloy tape by liquid phase epitaxy method. Physica C 2002;378-381:971-974 
[3] Song YT, Peng JB, Wang X, Sun GL, Lin CT. Ambient-condition growth of superconducting YBa2Cu4O8 single crystals using KOH flux. J. 
Cryst. Growth 2007;300:263-266 
[4] Nakayama F, Funaki S, Yamada Y. Fabrication of REBa2Cu4O8 and RE0.9Ca0.1Ba2Cu4O8 using by molten hydroxide method. The 60th 
JSAP Spring Meeting 2013; Abstract 27a-G3-3 (in Japanese) 
[5] Wada T, Suzuki N, Ichinose A, Yaegashi Y, Yamauchi H, Tanaka S. Phase stability and decomposition of superconductive (Y1-
xCax)Ba2Cu4O8 (0x0.1). Jpn. J. Appl. Phys. 1990;29:L915-L918 
[6] Murakami H, Suga T, Noda T, Shiohara Y, Tanaka S. Phase diagram of YBa2Cu3O7-x, Y2Ba4Cu7O15-x and YBa2Cu4O8 superconductors. 
Jpn. J. Appl. Phys. 1990;29:2720-2724 
[7] Nagira Y, Hara T, Yamada Y, Kuroda K, Kubo S. Synthesis of superconductor REBa2Cu4O8 phase by molten hydroxide method. 
Transaction of the Materials Research Society of Japan 2010;35:11-13 
10 20 30 40 50 60 70 80 90 100
101
102
103
104
105
101
102
103
104
105
106
:Y123 (00l)
N
G
O
 (0
04
)
N
G
O
 (0
06
)
N
G
O
 (0
06
)
In
te
ns
it
y 
(c
ps
)
2  (degree)
N
G
O
 (0
02
)
:Y124 (00l)
In
te
ns
it
y 
(c
ps
)
2T (deg)
In
te
ns
it
y 
(c
ps
)
In
te
ns
it
y 
(c
ps
)
